We include mutation in "Kingman's coalescent," and argue that this is crucial because, without mutation, Kingman's coalescent (or any other model) cannot make predictions about genetic variation. The mutation parameter is defined as θ = 2N e µ for haploids and θ = 4N e µ for diploids, where µ is the mutation probability during meiosis at a locus under study. In cases where the complicated details of a population collapse to Kingman's coalescent as N → ∞, we advocate calling this N e in θ the coalescent effective population size. This can be seen as a type of mutation effective size (EWENS, 1989) , which differs from previous definitions (MARUYAMA and KIMURA, 1980; WHITLOCK and BARTON, 1997; CHARLESWORTH, 2001; PANNELL, 2003) in that it applies to the parameter of the entire ancestral process, with its manifold predictions about data, rather than just to single measures of variation such as the heterozygosity of the population. SJÖDIN et al. (2005) dealt with mutation implicitly. Following MÖHLE (2001) and NORD-BORG and KRONE (2002) , their definition focussed instead on the way in which time is rescaled in order to achieve a coalescence rate equal to 1 for each pair of lineages. If A N (k) denotes the number of lineages ancestral to a sample in generation k in the past for a given population, and A(t) denotes the number of lineages ancestral to the sample at rescaled time t in the past under Kingman's coalescent, then if A N ([N t/c]) → A(t) as N → ∞, the coalescent effective size is N/c. Importantly, SJÖDIN et al. (2005) restricted their definition to cases in which c is a constant factor. In addition, because they considered populations with non-overlapping generations, SJÖDIN et al. (2005) did not define a "generation" explicitly, as needed if the coalescent effective size is to apply to populations more generally (FELSENSTEIN, 1971; HILL, 1979) .
By pinning the concept of N e to Kingman's coalescent, we follow SJÖDIN et al. (2005) in saying that the coalescent effective population size does not exist if A N ([N t/c]) converges to some other kind of ancestral process, such as a coalescent with multiple mergers (PITMAN, 1999; SAG-ITOV, 1999) or simultaneous multiple mergers (MÖHLE and SAGITOV, 2001; SCHWEINSBERG, 2000; SAGITOV, 2003) . Thus, N e here is different, and in this sense more restrictive, than the earlier definition by MÖHLE (2001) , which allowed convergence to any of these continuous-time ancestral processes and also applied when the effective size could not be expressed as N/c with a constant c. However, the restriction to Kingman's coalescent seems desirable because multiple mergers can dramatically alter the most basic predictions of the model-for example, see ELDON and WAKELEY (2006) and SARGSYAN and WAKELEY (2008) -so the utility of mapping populations onto a general set of coalescent models is not clear.
The N e in the rescaled mutation parameter θ of Kingman's coalescent is a composite of two quantities that are crucial to genetic ancestry in any population: (1) the probability that a pair of ancestral lineages are descended from a common ancestor, and (2) the probability that a single ancestral lineage is newly born (i.e. is the descendent of a birth or reproduction event). Both of these probabilities are computed for a single time step back into the ancestry of the sample. Here, after ELDON and WAKELEY (2006) and SARGSYAN and WAKELEY (2008), we focus not only on the way time must be rescaled by 1/c N time steps in order to obtain a coalescence rate of 1 for each pair of lineages, but also on the additional role that the opportunity for mutation plays in establishing a mutation rate of θ/2 for each single lineage in Kingman's coalescent. This additional scaling in θ is especially important when generations are overlapping. Convergence to Kingman's coalescent, with mutation rate θ/2 = 2N e µ for haploids or θ/2 = 4N e µ for diploids, occurs with a coalescent effective population size defined as This new definition of N e and the two points we make below, are motivated by recent work (SARGSYAN and WAKELEY, 2008 ) on a population model inspired by the biology of sessile marine organisms that reproduce by broadcast spawning. Individuals of these species, for example mussels, periodically release huge numbers of gametes into the water, which then may unite with gametes from other individuals to form larvae. Larvae spend varying amounts of time in the water column before settling in hopes of beginning adult life. Many gametes fail to unite and only a small fraction of larvae become successful adults. In addition, disturbance can be an important factor in opening up patches of habitat for colonization by larvae (DAYTON, 1971; PAINE and LEVIN, 1981) .
The intermediate step in this equation illustrates that
This combination of life-history characteristics is not captured in the standard population ge- of the Y N adults is equally likely to be the parent of each of the X N offspring. Subscripts denote that the dynamics in the limit N → ∞ will depend on the relative magnitudes of these parameters.
After defining N e above, the second point we wish to make is that the coalescent effective population size should not be limited to cases in which N e depends linearly on N . The model described above can converge to several different kinds of processes in the limit N → ∞, including a discrete-time Markov process, Kingman's coalescent, or a coalescent process with multiple mergers or simultaneous multiple mergers. For a detailed analysis, see SARGSYAN and WAKE-LEY (2008). Here we will consider one of the special cases of the model in which the coalescent effective size exists, as we have defined it, but is not a linear function of the population size N . Table 1 gives the parameters of the model, including some of those used to classify the limiting ancestral processes (SARGSYAN and WAKELEY, 2008) . Here we consider the case in which the probability of a disturbance event ( N ) and the fraction of the population that is replaced in a disturbance event (X N /N ) converge to finite, non-zero constants in the limit: 0 < < ∞ and 0 < φ < ∞. At the same time, we will assume that the number of potential parents at each disturbance event is large, that is Y N → ∞ as N → ∞. However, we will assume that Y N grows For this verison of the model, using Equation (1) in SARGSYAN and WAKELEY (2008) gives
where o(1) denotes terms that go to zero as N → ∞. Ignoring the o(1) term, this formula is easily understandable as a simple product: the probability of a disturbance event times the probability that both ancestral lineages are newborns times the probability that they have the same parent.
Similarly, using Equation (10) in SARGSYAN and WAKELEY (2008) gives
which, ignoring the o(1), is the product of the probability of disturbance event and the probability that the ancestral lineage is among the newborns (and so may be a mutant). Thus, we have
which is a less-than-linear function of N due to our assumption about Y N . We argue that the coalescent effective size should extend to cases like this since genetic variation in a sample from such a population should agree in every way with the predictions of Kingman's coalescent.
Our third point is more practical than theoretical. Namely, our ability to discern from genetic data whether a coalescent effective population size is an appropriate concept for a given species may be limited. In our model there are cases in which the limiting ancestral process is not Kingman's coalescent, but rather a coalescent process with multiple mergers or simultaneous multiple mergers, and yet many of the predictions of the model are similar to those of Kingman's coalescent (SARGSYAN and WAKELEY, 2008) . We use another special case of the model, not too different from the one above, to show that the ability to distinguish these other ancestral processes from the standard coalescent can depend heavily on the sample size.
We consider a situation in which the probability of a disturbance event is small, but is still much larger than the probability of a coalescent event in the background Moran model, specifically BECKENBACH, 1994; HEDGECOCK, 1994) and is captured in simulation Algorithm 1 of SARGSYAN and WAKELEY (2008) .
There is no coalescent effective population size in this case because the ancestral process is not
Kingman's coalescent but rather a coalescent with simultaneous multiple mergers. One of the ways that data from such a sweepstakes population should differ from data from a coalescent population is in having an excess of low-frequency polymorphisms (BECKENBACH, 1994; HEDGECOCK, 1994; SARGSYAN and WAKELEY, 2008) . The commonly used test statistic D (TAJIMA, 1989) should tend to be negative and may be used to reject Kingman's coalescent in favor of a coalescent with simultaneous multiple mergers. We use Tajima's test to illustrate that some aspects of genetic variation under this model may be similar to those under Kingman's coalescent, but we note that there may be more powerful tests (e.g., based on patterns of linkage disequilibrium).
We generated 100,000 pseudo-data sets under the above model, with θ = 10 and φ = 0.5, and for a range of sample sizes and values of Y . We assumed that mutations occurred according to the infinite-sites model without intralocus recombination (WATTERSON, 1975) . We compared the values of Tajima's D to the lower 5% cutoff obtained for each sample size under Kingman's coalescent with θ = 10, also using simulations. Figure 1 shows the fraction of simulation replicates for which the value of Tajima's D is below the 5% cutoff, which is denoted q 5% in Figure X N Number of individuals that die in a disturbance event.
Y N Number of potential parents of the offspring that will replace the (X N ) individuals that died in a disturbance event.
Limiting Model Parameters Figure 1: The power to reject the standard neutral coalescent at the 5% level using Tajima's D under the coalescent with simultaneous multiple mergers described in the text. Each point is based on 100,000 simulation replicates with θ = 10, and q 5% is the lower 5% quantile computed under Kingman's coalescent with θ = 10, also using simulations.
